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(54) GAIN CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a gain controller with less power 
consumptionease of miniaturizing and suitable for circuit integration that can keep a 
shift in a passing phase nearly constant over a gain variable range. 
SOLUTION: The gain controller is provided with a cascode amplifier circuit consisting 
of a 1st field effect transistor TR1 of common source connection and of a 2nd field 
effect transistor TR2 whose source is connected to a drain of the 1st field effect 
transistor TR1 and whose gate receives a gain control signalwith an input matching 
circuit Min that is connected between an input terminal of a high frequency input 
signal and the gate of the 1st field effect transistor TR1 and can realize an impedance 
at which the gain is maximizedand with an output matching circuit Mph that is 
connected between the drain of the 2nd field effect transistor TR2 and an output 
signal of a high frequency output signal and provides an impedance when viewed from 
the drain of the 2nd field effect transistor TR2 to have a value by which a phase shift 
of the passing high frequency signal is nearly made constant within a variable voltage 
range of the gain control signal. 



CLAIMS 



[Glaim(s)] 

[Claim 1]A variable gain system comprising: 

A cascode amplifier which consists of the 2nd field effect transistor by which sauce is 



connected to a drain of the 1st field effect transistor of a grounded sourceand this 
1st field effect transistorand a gain control signal is supplied to a gate. 
An input matching circuit which can realize impedance which gives the profit 
maximum connected between an input terminal of a high frequency input signaland a 
gate of the 1 st field effect transistor of the above. 

In the variable voltage range of the above-mentioned gain control signal impedance 
which it was connected between a drain of the 2nd field effect transistor of the above 
and an output terminal of a high frequency output signaland was faced from the drain 
side of this 2nd field effect transistorAn output matching circuit which phase 
deviation of a high frequency signal to pass set as a value used as approximately 
regulated. 

[Claim 2]A variable gain system comprising: 
A field effect transistor of a grounded source. 

An input matching circuit which can realize impedance which gives the profit 
maximum connected between an input terminal of a high frequency input signaland a 
gate of this field effect transistor. 

A power control means to which voltage impressed to a drain of the above-mentioned 
field effect transistor is changed according to a control signal. 
An output matching circuit which phase deviation of a high frequency signal which 
impedance which it was connected between a drain of the above-mentioned field 
effect transistor and an output terminal of a high frequency output signaland was 
faced from the drain side of this field effect transistor passes in the variable voltage 
range of the above-mentioned control signal set as a value used as approximately 
regulated. 

[Claim 3]A variable-gain-control device characterized by coming to constitute the 
above-mentioned power control means by a DC-DC converter in the variable-gain- 
control device according to claim 2. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a variable gain deviceespecially the 
variable gain device into which the profit of the high frequency signal was changed. 
[0002] 

[Description of the Prior Art]Research and development are prosperous in the 
necessity for gain control that the variation of a profit can be set up widely in the 
field of a phased array antennafor exampleholding the deviation quantity of passing 



phases to approximately regulated. That iswhen amending the phase contrast and 
amplitude difference of an input signal resulting from the difference between many 
antennas or many received pathsthe device which can set pass loss (or profit) to 
passing phases independently in a receive section is needed. 
[0003]The number of use of a present personal digital assistant is increasing 
explosivelyand it is expected that the use of the receiving terminal of not only a mere 
voice call means but contents distributionan Internet access terminaletc. is expanded 
focusing on data communications from now on. Being in change of such the directions 
for a personal digital assistantthe low power consumption of a terminal becomes 
increasingly important In the parts used at a terminalthe parts with the largest power 
consumption are high-frequency power amplifiers. 

The low power consumption of the high-frequency power amplifier is an important 
technical problem. 

[0004]In this high-frequency power amplifierthat distortion compensation is also an 
important technical problem. The compensates distortion of a power amplifier needs 
to compensate amplitude distortion and phase distortion according to each. In this 
caseat the time of amplitude compensationthe deviation quantity of a phase is 
approximately regulatedandas for amplitude (pass loss)it is desirable at the time of 
compensation of a phase that it is approximately regulated. 

[0005]As literature in which a Prior art is shownas an examplel 998and lEICE Trans, 
and V0I.E8I-C and N0.I JanuaryThere are pp.70-77 and "An MMIC Variable-Gain 
Amplifier Using aCascode-Connected FET with Constant Phase Deviation." 
[0006]The circuitry of the gain control shown in this literature is shown in drawing 5 . 
The gain control of this conventional example is proposed for [ which is used for the 
signal reception from a satellite ] phased array antennas. 

It is the example of development which thought the miniaturization as important. 

[0007]In drawing 5 CSF and CGF show common source FET and (CommonSource 
FET) common gate FET (Common Gate FET)respectivelyThe cascode circuit consists 
of these FET(field effect transistor) CSF and CGF. And he is trying to attain 
broadband-ization by connecting the feedback circuit which comprises a series circuit 
of the coil L4 and the capacitor C3 between the gate of FET CSFand the drain of 
FET CGF. 

[0008]The deviation quantity of passing phases is controlled by providing FET C-FET 
for control. Vc is the voltage of gain control. Vb and Vs are the control voltage for 
determining the optimal operating point of FET C-FET for control. 
[0009]The input terminal T9 into which the high frequency input signal RFin is 
inputted is connected to the gate of FET CSF through the capacitor CI and the coil 
L3 one by one. The connecting middle point of the capacitor CI and the coil L3 is 
grounded through the coil L2 and the capacitor C2 one by one. 



[0010]The connecting middle point (the control voltage Vb is impressed) of the coil L2 
and the capacitor C2 is connected to the sauce of FET C-FET for control through 
the resistor R3. Between between the gate of FET C-FET for controland saucea 
gateand a drainthe resistor R4 and R5 are connectedrespectively. The resistor R7 is 
impressed to the control voltage Vs by passage by the drain of FET C-FET. 
[001 1]The gate (the voltage Vc of gain control is impressed) of FET CGF is grounded 
through the capacitor C5and the resistor R6 is connected between the gate of FET 
CGFand the drain of FET C-FET for control. 

[0012]The drain of FET CGF is grounded through the series circuit of the coil L5 and 
the capacitor C6and it is connected to the output terminal T10 in which the high 
frequency output signal RFout is outputted through the capacitor C4. 
[0013] 

[Problem(s) to be Solved by the Invention]Since no less than four pieces are both 
using the coil as if three FET is usedthe gain control of the conventional example of 
this drawing 5 is difficult to miniaturize. If it is going to adopt the gain control of this 
conventional example as a portable telephonefor examplethe occupation area of the 
coil to the at most 2 GHz high frequency currently used with the portable telephone 
will become large. Since three sorts of control voltage are neededthere is a problem 
said that the control method is complicated. 

[0014]In view of this pointthis invention can cover the variable range of a profitcan 
hold the deviation quantity of passing phases to approximately regulatedthere is little 
power consumptionis easy to miniaturizeand tends to propose the suitable gain 
control for an IC form, 
[0015] 

[Means for Solving the ProblemjA variable gain system the 1 st this invention is 
characterized by that comprises the following. 

A cascode amplifier which consists of the 2nd field effect transistor by which sauce is 
connected to the 1 st field effect transistor of a grounded sourceand a drain of the 
1st field effect transistorand a gain control signal is supplied to a gate. 
An input matching circuit which can realize impedance which gives the profit 
maximum connected between an input terminal of a high frequency input signaland a 
gate of the 1 st field effect transistor. 

In the variable voltage range of a gain control signal impedance which it was 
connected between a drain of the 2nd field effect transistor and an output terminal of 
a high frequency output signaland was faced from the drain side of the 2nd field effect 
transistorAn output matching circuit which phase deviation of a high frequency signal 
to pass set as a value used as approximately regulated. 

[0016]According to the 1st this inventiona gain control signal is supplied to a gate of 
the 2nd field effect transistorit is controlled by profitand by an input matching circuit. 
Impedance which gives the profit maximum is realized and phase deviation of a high 



frequency signal which impedance faced from the drain side of the 2nd field effect 
transistor of an output matching circuit passes in the variable voltage range of a gain 
control signal is set as a value used as approximately regulated. 
[001 7] A variable gain system the 2nd this invention is characterized by that 
comprises the following. 

A field effect transistor of a grounded source. 

An input matching circuit which can realize impedance which gives the profit 
maximum connected between an input terminal of a high frequency input signaland a 
gate of the field effect transistor. 

A power control means to which voltage impressed to a drain of a field effect 
transistor is changed according to a control signal. 

An output matching circuit which phase deviation of a high frequency signal which 
impedance which it was connected between a drain of a field effect transistor and an 
output terminal of a high frequency output signaland was faced from the drain side of 
the field effect transistor passes in the variable voltage range of a control signal set 
as a value used as approximately regulated. 

[0018] 

[Embodiment of the Invention]Belowwith reference to drawingsan example of the gain 
control of an embodiment of the invention is explained in detail. Firstthe composition 
of an example of gain control is explained with reference to drawing 1 . TR1 and TR2 
are the 1st and 2nd FET (field effect transistor) that constitutes a cascode amplifier. 
The output side of the input matching circuit Min which can realize impedance which 
gives the profit maximum to the 1st gate of FET TR1 of a grounded source is 
connected. The high frequency input signal RFin from the input terminal T2 is inputted 
into the gate of FET TR1 through this input matching circuit Min. The bias voltage 
Vgg is impressed to the gate of FET TR1 via the resistor R2. 

[0019]The 2nd sauce of FET TR2 is connected to the drain of FET TR1 control signal 
Vcti of the low frequency wave from the input terminal T1 is impressed to the gate 
of FET TR2 ** via the resistor Riand a profit is made to change. The input side of 
the output matching circuit Mph is connected to the drain of FET TR2and the output 
terminal T4 in which the high frequency signal RFout is outputted is drawn from this 
matching circuit Mph. 

[0020]In the range of the voltage of control signal Vcti the phase deviation of the high 
frequency signal which passes gain control sets the impedance faced from the drain 
side of FET TR2 of this output matching circuit Mph as the value used as 
approximately regulated. Via the coil Li for biasvoltage connects the positive terminal 
of the power supply E of Vdd to the drain of FET TR2and grounds the negative 
terminal to it. 

[0021]Nextoperation of the gain control circuit of drawing 1 is explained. The high 
frequency input signal RFin from the input terminal T2 is outputted as the high 



frequency output signal RFout from the output terminal T4 through the input 
matching circuit MinFET TR1TR2and the output matching circuit Mph. A profit 
(=RFout/RFin) is controlled according to the pressure value of control signal Vtti 
added to the gate of FET TR2. Although the passing phases of a high frequency signal 
are also changed by a profit at this timeit depends for the deviation quantity of these 
passing phases on the impedance of the output matching circuit Mph connected to 
the drain of FET TR2. Deviation quantity is fixed using this impedance ********. 
[0022]Nex tdrawing 3 is explained. This drawing 3 t he quantity of profit change of the 
gain control which the deviation quantity of passing phases is the conditions held 
within 1 timeand changes the voltage of control signal Vcti and is attainedThe 
example of what was shown to the value of the impedance of the output matching 
circuit Mph connected to the drain of FET TR2i.e.a load pullis shown. FET TR2 used 
for measurement is GaAs pHEMTand the gate width is 250 micrometers. 
[0023]It turns out that it depends on the impedance of the output matching circuit 
Mph linked to the drain of FET TR2 for the profit range changed holding the passing 
phases of this cascode amplifier within 1 time so that drawing 3 may show. In this 
exampleprofit change of a maximum of 7 dB is attained, 

[0024]The characteristic figure of the deviation quantity A of the passing phases of 
gain control to the voltage of control signal Vcti when load impedance is set as the 
1 0+j25 (omega) neighborhoodand the gain change B is shown in drawing 4 . When the 
voltage ranges of control signal Vct1 are 1 .5(V) - 2.3(V)profit change is understood 
that the deviation quantity of about 7 dB and passing phases is held in general within 
1 time. 

[0025]Nextwith reference to drawing 2t he composition of other examples of the gain 
control of an embodiment of the invention is explained. The gate bias voltage Vgg is 
impressed to the gate of FET TR3 of a grounded source through the resistor R22. 
The output side of the input matching circuit Min which can realize impedance which 
gives the profit maximum is connected to the gate of FET TR3. And the high 
frequency input signal RFin from the input terminal T6 is impressed to the gate of 
FET TR3 through this matching circuit Min. 

[0026]The power control means PSC to which the voltage impressed to the drain of 
FET TR3 may be changed according to the change of potential of control signal Vcti 
is connected to the drain. This power control means PSC for the common mode input 
terminal of the operational amplifier OPA by which in-phase amplification connection 
was made. Control signal Vcti from the input terminal T5 is suppliedthe output side of 
the operational amplifier OPA is connected to the base of bipolar transistor TR4 as a 
current boostervoltage connects the positive terminal of the power supply E of Vdd 
to the collector of transistor TR4and the negative terminal is grounded. The emitter 
of transistor TR4 is connected to the opposite phase input terminal of the operational 
amplifier OPAand it connects with the drain of FET TR3 via the resistor R21. 
[0027]In the same variable voltage range of control signal Vcti as drawing It he input 



side of the output matching circuit Mph which holds the deviation quantity of passing 
phases to approximately regulated is connected to the drain of FET TRSand the 
output terminal T8 in which a high frequency output signal is outputted from the 
output side is derived. 

[0028]Nextoperation of the gain control circuit of drawing 2 is explained. The profit of 
grounded source FET TR3 changes with drain impressed electromotive force. The 
profit of this gain control is controlled by voltage of control signal Vcti . The value of 
the load impedance of the output matching circuit Mph connected to the drain of FET 
TR3 can be set as a value which holds the deviation quantity of passing phases to 
approximately regulatedwhen the variability region of a profit is set as 5 dB - about 7 
dB. 

[0029]The modification of the gain control circuit of drawing 2 is explained. As the 
power control means PSC of the gain control circuit of drawing 2 a DC-DC converter 
is employable. With the control signal from the outsidesince output voltage can be set 
up arbitrarilythe DC-DC converter can use it as a power control means. 
[0030] 

[Effect of the Invention]According to the 1st this inventionsauce is connected to the 
1st field effect transistor of a grounded sourceand the drain of the 1st field effect 
transistorThe cascode amplifier which consists of the 2nd field effect transistor by 
which a gain control signal is supplied to a gateThe input matching circuit which can 
realize impedance which gives the profit maximum connected between the input 
terminal of a high frequency input signaland the gate of the 1st field effect 
transistorin the variable voltage range of a gain control signal the impedance which it 
was connected between the drain of the 2nd field effect transistor and the output 
terminal of a high frequency output signaland was faced from the drain side of the 2nd 
field effect transistorSince the phase deviation of the high frequency signal to pass 
has the output matching circuit set as the value used as approximately regulatedthe 
variable range of a profit can be coveredthe deviation quantity of passing phases can 
be held to approximately regulatedthere is little power consumptiona miniaturization is 
easyand the suitable variable gain system for an IC form can be obtained. 
[0031]The input matching circuit which can realize impedance which gives the profit 
maximum connected between the field effect transistor of a grounded sourcethe input 
terminal of a high frequency input signaland the gate of the field effect transistor 
according to the 2nd this inventionThe power control means to which the voltage 
impressed to the drain of a field effect transistor is changed according to a control 
signalln the variable voltage range of a control signal the impedance which it was 
connected between the drain of a field effect transistor and the output terminal of a 
high frequency output signaland was faced from the drain side of the field effect 
transistorSince the phase deviation of the high frequency signal to pass has the 
output matching circuit set as the value used as approximately regulatedthe variable 
range of a profit can be coveredthe deviation quantity of passing phases can be held 



to approximately regulatedthere is little power consumptiona miniaturization is 
easyand the suitable variable gain system for an IC form can be obtained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a circuit diagram showing an example of the gain control of an 
embodiment of the invention. 

[Drawing 2] It is a circuit diagram showing other examples of the gain control of an 
embodiment of the invention. 

[Drawing 3] It is a figure showing the load pull of the gain control of drawing 1 . 
[Drawing 4] It is a characteristic figure of a gain change and passing phases to the 
control voltage of the gain control of drawing 1 . 

[Drawing 5] It is a circuit diagram showing the conventional gain control. 
[Description of Notations] 

The 1st and 2nd FET and Min which constitute TR1 and TR2 cascode amplifier An 
input matching circuit and Mph FET of an output matching circuit and TR3 grounded 
sourceand PSC A power control meansan OPA operational amplifierand TR4 [ Bipolar 
transistor. ] 
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LTFET J R3(D[^'ly^y[zmWtt^o 
[00 27] FET TR3(DKU-<VIC. mi 
OD. *iJWt-^V c t 1 ajRT^IlilffiHlc^Jt^Tx iiiflia 

[0 0 2 8] :^?IC. E2©fiJ»!&JffllE»<0lMlF*ittE«-r 

5oV-Xj«*SFET TR3rof"Mt*. KU-fVEPJjD 

iiET-s<k-r?>o ^:<7)f|J^f^'J^al^BcDflJ^f^*. mmm^ 

V c t 1 ©lliaiCcfcoT^iJ^^tlSo F ET TR3<D 
--^'VXtOfiil*^ mW(D^imm^ 5dB~7dBS)S 

[0 0 2 9] E2(7)^lJ^#^•J^alI°l»(o^f^^J«■lf^^■rso 
m 2 <Dm^%m^^(Dmmmm^wc psct lt. d c 

-DC=l>/\"— S'«SSffl-r-5C:<l:*'«T$*o DC-DC 



[0 0 3 0] 

^«*Xn-Ktii|gIsIK<»:. ffiJl-;SA:'3lt^(7)A:^4iSd=^ 
fcs fiJW«:*:«^7l«'f>fcf— Sf>X«l|31L?9«A:^ 

s^i£]i^<hv m2(Dm.m-nfkv=^y'J7.'SKn\^\^^yt 
-4fv7.)b\ flJ^#«lJfflHI^a)Rrs«ffiKSl^c33t^Tv 
T. ajflffiffla)flii!»«*W}-^ic«jt-r«ci:ti'«T*s 
[00 3 1] m2(D*58Wttj:n«\ y-;^it*te<DiE^ 

jtS-r > tf—Sf VX^H^USSA^S^SK 

■I'Vffllft^eSSA/fc'rvtr— 5f>7.A\ MMI^CDpISffi 

X\ I C<klc»®^RjSfiMSS««i#%iit6^T*So 
[nscDfssm^si^] 

[132] :^m^<Dmm<r>wM(DnnMm^w.<Ji'(&(r>m^ 

[El 3 ] la 1 o!)f^J^i*"Jffll^6B<o□- Ky/b*5^-riaT?ft 
s» 

TR1> TR2 *xa-Ki««lHl»%«fiK-r«miS 
t>m20F ETv M i n A:^S-&tHlKv M p h dJ^ 
fi-&lHli». TR3 y-7.1$tti<DF ET. PSC %M 
Um^WL. OP A '^XfflilSffiv TR4 lUif--=7V 
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ItM 2002-9564 



T1 



T2 



Vcti 



-J^ ^ 



RRn 



Min 



R2 



1 

T3w^ Vgg 



Vdd 



Si 



■TR2 



Mph 



RFout 



T4 




mi] 



Veil 



T6 



OPA 




RFin 



VcW 



R21 



1: 



-10 



-16 



RFout 
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20 



IS 



10 (dB> 



-6 



VdXV) 



(6) 



!ff M 2002-9564 




F^-Lk(^%) 5J092 AA01 AA13 CA01 CA26 CA36 
CA91 CA94 FA10 FAT 9 HA02 
HA09 HA13 HA25 KA01 KA12 
KA29 KA47 KA49 MA04 MA17 
MA21 SA14 TA01 TAOS 
5J100 AA14 AA24 AA25 AA26 BA04 
6A07 BBOl BB03 BC02 DA06 
EA02 FA02 



